We present photometric and polarimetric follow-up observations of the eclipsing Sloan Digital Sky Survey cataclysmic variable SDSS J015543.40+002807.2. Linear and circular polarizations were detected, confirming that it is a new polar (AM Herculis system). An accurate eclipse ephemeris yields an orbital period of 87.1435 ± 0.0002 min. Assuming a range of mass ratios 0.11 > M 2 /M 1 > 0.07, the inclination lies in the range 85
I N T RO D U C T I O N
Cataclysmic variables (CVs) are close binary systems in which matter is being transferred from the main-sequence secondary (usually a late-spectral-type star) onto the evolved primary (white dwarf). AM Herculis systems (or polars) are those in which the primary has a magnetic field strength sufficiently high to synchronize its spin period with the binary orbital period, and to control the accretion of material. The magnetic field prevents the formation of a disc, and the stream impacts directly onto an accretion region on the surface of the primary.
Systems of high inclination ( 74 • for discless CVs; Warner 1995) will result in a total or partial eclipse of the primary and/or the accretion region. These systems are highly sought after, as eclipsing systems allow accurate and unambiguous determination of the orbital period, and phase-dependent phenomena may then be referenced to this period. Period-dependent empirical formulae for parameters such as secondary mass and radius (e.g. Warner 1995; Smith & Dhillon 1998 ) may be solved. The features of the eclipse, such as duration and shape, can place restrictions on some of the system parameters, and aid in describing the system geometry. Techniques that make use of these advantages include indirect imaging of the accretion stream using photometric eclipse profiles (Harrop-Allin, Hakala & Cropper 1999) , and observation of X-ray eclipses to obtain detailed information about the accretion region, stream and curtain . The high inclinations make these systems particularly favourable for radial velocity studies and Doppler imaging (Schwope 2001) .
Owing to the strong emissions of the accretion regions, polars are traditionally discovered in soft X-ray and EUV surveys using satellites such as ROSAT (e.g. Beuermann & Burwitz 1995) . However, systems in low-accretion states or systems with little X-ray emission may have been overlooked. The Sloan Digital Sky Survey has been successful in discovering new CVs, despite its main focus being on the spectroscopy of extragalactic objects. It remains to be seen whether the new polars among these new CVs were simply in a low state during the ROSAT surveys or whether their cooling mechanisms are not X-ray-dominated. Some of these new CVs are to be found in the first data release (Szkody et al. 2002) , which describes the survey and lists 19 new CVs from spectra obtained during 2000 December. Among these was SDSS J015543.40+002807.2 (hereafter SDSS0155), an eclipsing system with characteristics suggestive of an AM Her star.
SDSS0155 was followed up during the Nordic-Baltic Research Course 'Astrophysics of Interacting Stars' with the Nordic Optical Telescope, in 2002 August (Dubkova, Kudryavtseva & Hirv 2003) . Dubkova et al. (2003) were able to collect only a single light curve of ∼101 min duration using 60-s exposures and 7-s readout time. Their observations yielded several system parameters, and they concluded that further photometric observations would be required to pin down the system geometry, as well as polarimetric observations to confirm that SDSS0155 is a polar.
SDSS0155 was further observed as part of the University of Cape Town's faint CV survey (Woudt, Warner & Pretorius 2004) ; the data obtained are included here.
O B S E RVAT I O N S

Polarimetry
SDSS0155 was observed on five nights during 2003 November/ December (see Table 1 ) using the South African Astronomical Observatory (SAAO) 1.9-m telescope and the UCT Polarimeter (UCTPol; Cropper 1985) . The UCTPol was operated in all Stokes (Hsu & Breger 1982) were observed during the nights to set the position angle offsets. Non-polarized standard stars and calibration polaroids were observed to set the efficiency factors. The data were reduced as described in Cropper (1997) .
Photometry
SDSS0155 was observed for two nights in 2003 October (Table 1) using the SAAO 1.9-m telescope and the University of Cape Town CCD (UCTCCD; O'Donoghue 1995) used in frame transfer mode and white light. The first night's data were obtained at a time resolution of 45 s throughout. On the second night a resolution of 10 s was used during eclipse. The data have been sky-subtracted and extinction-corrected. They have also been flux-calibrated by observing hot white dwarf standards, providing magnitudes roughly on the V scale, good to ∼0.1 mag (Woudt et al. 2004 ). SDSS0155 was later observed on five nights during 2003 November/December (Table 1 ), using the SAAO 1.9-m and the UCTPol. The photometry was obtained as part of the polarimetric observations (see Section 2.1), at a time resolution of 10 s out of eclipse, and 1 s during eclipse. These are not flux-calibrated but are sky-subtracted and extinction-corrected.
Combining the UCTCCD and UCTPol data, a total of 14 eclipses were observed.
ANA LY S I S
Photometry
The upper plot of Fig. 1 shows all of the UCTPol photometry folded on the ephemeris (given in equation 1 below). Upon inspection, we find no evidence of the 'far-field accretion stream dip' suggested by Dubkova et al. (2003) .
The gross orbital features show a bright and faint phase typical of polars with one accretion spot that is self-occulted by the primary for part of the orbit.
The fall to minimum of the bright phase is visibly more rapid than the rise to maximum. A single, extended, arc-shaped accretion region with asymmetrical brightness would explain this feature (e.g. Cropper 1990 ). However, the asymmetry could also be attributed to a two-pole system where the leading brighter pole is slightly ahead in longitude of the trailing pole.
Polarimetry
The circular and linear polarization plots (binned and folded on the ephemeris in equation 1) are shown in Fig. 1 . As with the photometry, the polarized light curves are typical of polars and can be understood as a combination of self-occultation and cyclotron beaming of the radiation from an accreting hot spot.
The circular polarization plot shows both negative and positive polarization, with the negative polarization showing a 'doublehump' feature characteristic of absorption by the accretion stream. The peak at phase 1.2 is higher than that at phase 1.9, an indication that the accretion spot is leading the magnetic pole on the surface of the primary (Ferrario & Wickramasinghe 1990; Potter 1998) .
The change in sign of the circular polarization is usually interpreted as an indication of a two-pole accretor. However, since the reversal occurs only briefly at the end of the photometric bright phase, a single-pole accretion model is still viable. A sufficiently tall shock can be viewed with the field lines facing away from the observer as the region disappears over the limb of the primary. During this short interval we are effectively viewing the accretion column from underneath, thus reversing the sign of circular polarization.
The linear polarization shows two peaks, the first coinciding (in orbital phase) with the sign reversal in the circular polarization, and the second coinciding with the start of the bright phase. The first peak appears higher than the second, again indicating that the accretion region leads the magnetic pole (Ferrario & Wickramasinghe 1990; Potter 1998) . The features of the linear polarization plot may be explained by both the single-and two-pole accretion models.
A test to distinguish between the two possibilities would be to obtain phase-resolved spectroscopic observations of SDSS0155. If it is a two-pole accretor there will be two sets of cyclotron harmonics; if it is a single-pole accretor there will be only one set. However, this effect does rely on there being sufficient difference in field strength at the two poles. 
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The position angle variations (lowest plot in Fig. 1 ) are uninformative due to the low count rate of the linear polarization.
Eclipse features
In Fig. 2 , all 14 observed eclipses are shown, with the most recently observed at the top. The bottom three panels are from the UCTCCD data, while the remainder are from the UCTPol data. The eclipses have been aligned using the ephemeris of equation (1).
The UCTPol data offer higher resolution during eclipse, and from them we see that the time taken for the primary to be eclipsed is of the order of a few seconds. Thus only the 1-s time-resolution data were used in calculating an average ingress/egress time, with the results (i) average ingress time: 3.2 ± 1.2 s, (ii) average egress time: 2.9 ± 1.1 s, where the errors are standard deviations. A weighted average of the two times yields a phase range φ = 5.8 × 10 −4 for ingress/egress. We calculate the average of the total eclipse duration to be 312.3 ± 6.5 s, which corresponds to a phase range φ = 0.0597 ± 0.0012.
An eclipse ephemeris
The resolution of the eclipse ingresses and egresses varies over the data set (see Table 2 ), largely due to differences in time resolution. Thus the times of mid-eclipse were chosen for the ephemeris, as they will provide a more accurate estimate of the errors. A linear least-squares fit to the midpoints of the eclipses gives the following eclipse ephemeris:
T (HJD) = 245 2969.322 093(9) + 0.060 516 35(14)E,
i.e. an orbital period of P orb = 87.1435 ± 0.0002 min. Szkody et al. (2002) calculated the orbital period spectroscopically; their estimate of ∼87 min agrees with our value. Fig. 3 shows the O−C diagrams for the two sets of data. There is no evidence supporting the need for a second-order term in the fit.
The system geometry and dimensions
We now use the eclipse parameters to investigate the system geometry and dimensions.
The mass and radius of the secondary star can be estimated from the empirical mass-period and radius-period relationships of Smith & Dhillon (1998, equations 9 and 12 respectively), i.e.
and
which give M 2 /M = 0.07 ± 0.03 and R 2 /R = 0.13 ± 0.06 for SDSS0155.
Ramsay (2000) gives a mean value of M 1 /M = 0.80 ± 0.14 for the white dwarf mass in polars. We will thus adopt a range 0.66 < M 1 /M < 0.94 for our primary mass, in order to make a first estimate of further system parameters. This, combined with the result from equation (2), yields a mass ratio 0.11 < q < 0.07.
Next we use the duration of total eclipse of the primary, which is a function only of the mass ratio (q = M 2 /M 1 ) and the inclination (i). This cannot be expressed analytically, but Horne (1985) presents a graph of the relationship as a function of eclipse width. Given this, and the eclipse width φ = 0.0597, in conjunction with our range of q, the inclination lies in the range 85
• . The uncertainty in q, from the relatively large uncertainty in equation (2), translates to an uncertainty of only 0.
• 5 in the lower boundary of i. Given the range of inclination angle, we estimate a range for the co-latitude of the accretion spot (assuming only one spot; see Section 3.2). We adopt the Visvanathan & Wickramasinghe (1981) approximation that the accretion region is a point source near to the dipole axis, eclipsed by the primary for a fraction α of the orbital period. If θ is the co-latitude of the dipole axis with respect to the rotation axis -which is assumed to be normal to the orbital planethen the relation between these factors and the inclination may be expressed as cot i = cos πα tan θ (4) (Visvanathan & Wickramasinghe 1981 ; equation 1). From Fig. 1 the fraction of the orbit during which the primary obscures the accretion region is α = 0.4. This yields a range 16 • < θ < 0 • for the co-latitude of the accretion spot. However, this model makes the assumption that there is no accretion column, which would extend vertically above the accretion region and would thus minimize the observed α. The true value of α is thus slightly larger than that measured from the light curve. Assuming an accretion column with vertical extent Table 3 . Summary of parameters calculated for typical primary masses.
(4.1 ± 1.1) × 10 10 (4.5 ± 1.2) × 10 10 R source (cm) (6.6 ± 2.5) × 10 7 (8.2 ± 3.1) × 10 7 R 1 (cm) 8.1 × 10 8 5.9 × 10 8 above the surface of ∼0.01 R 1 , the value of α is increased by 0.04. This leads to a range in co-latitude 25
• . We use the Nauenberg mass-radius relation for helium white dwarfs (Nauenberg 1972; equation 2.82 in Warner 1995) , and the range of probable primary masses above, to obtain a range 8.1 × 10 8 > R 1 > 5.9 × 10 8 cm for the primary radius. This may represent a slight underestimate (by a few per cent of R 1 ) if the primary is a carbon white dwarf.
The separation between the centres of mass of the binary components is given by
from Warner (1995, equation 2.1b) . A primary mass in the range 0.66 < M 1 /M < 0.94 then gives a separation of (4.1 ± 1.1) × 10 10 < a < (4.5 ± 1.2) × 10 10 cm. Given a and the phase range φ for ingress/egress, we can calculate the radius of the eclipsed source from equation (2.92) of Warner (1995) :
Values for i min (q) -the minimum inclination allowable (i.e. for a grazing eclipse) -can be found in Bailey (1990) . Propagating the errors, we obtain (6.6 ± 2.5) × 10 7 < R source < (8.2 ± 3.1) × 10 7 cm. Equation (6) assumes that the source is the spherical primary. However, the source is likely to be the arc-shaped accretion region, in which case R source gives some sense of scale (along the eclipse path) for this region, but is not a 'radius'. We obtain R source ∼ 10 −1 R 1 , as expected for an accretion region on the surface of the white dwarf (Ferrario & Wickramasinghe 1990) .
In Table 3 , we summarize the parameters calculated in this section, for the upper and lower bounds of the estimated primary mass range.
S U M M A RY A N D C O N C L U S I O N S
Our photometric and polarimetric observations confirm that SDSS0155 is a new polar, with an orbital period of 87.1435 ± 0.0002 min, placing it shortwards of the orbital period gap. Assuming a range of mass ratios 0.11 > M 2 /M 1 > 0.07, the inclination lies in the range 85
• < i < 90
• . The change in sign of the circular polarization may be interpreted to mean that the system is a two-pole accretor, although the possibility of single-pole accretion cannot yet be ruled out. Spectroscopic observations may resolve this issue.
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